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Research on the coordination of agricultural products' green supply chain has important practical significance
for the development of agriculture. In this paper, the problem of the price and the green level of green supply
chain of agricultural products is set up by game theory, three models including centralized decision-making,
wholesale price contract and revenue sharing contract are analyzed. Results show that the agricultural
products green level and the total income in the centralized decision-making model are the highest. The size
of the green level and farmer’s profits in the decentralized decision model are determined by the relationship
between the parameters of demand responsiveness to green SC’s own price, demand responsiveness to
enterprise effort level and enterprise effort costs. The enterprise’s profits in the wholesale price contract model
is higher.

1. Introduction

With the rapid development of the global economy, The change of consumer's demand driven economic
development mode, a kind of green supply chain model based on supply chain, considering the resource
consumption and environmental impact, came into being. With the development of green, organic and
pollution-free, the supply chain of agricultural products becomes an important platform of food quality and
safety management. The foundation of the green supply chain implementation is coordination, the
contradiction between industrial development and environmental protection is difficult to overcome according
to the ftraditional method of green supply chain management. The theoretical research and practical
experience have shown that the establishment of agricultural economy and ecological environment
coordinated development and interaction of the symbiotic mechanism is not only possible, but also is a new
way of agricultural sustainable development.

In recent years, some scholars have carried out extensive research on the green supply chain. (Barari et al.,
2012) established the evolutionary game models for the manufacturers and retailers, and give some
suggestions on the environment management. (Ghosh and Shah, 2014) research the two level supply chain
consisting of a manufacturer and a retailer, market demand decided jointly by the price and green innovation,
and use the two part of the contract to coordinate.(Cheng and Li, 2015) discussed the pricing and greening
strategies for the chain members in both centralized and decentralized cases using the Stackelberg game
model under a consistent pricing strategy. (Bazan et al., 2015) present two models that consider energy used
for production along with the greenhouse gases (GHG) emissions from production and transportation
operations in a single-vendor (manufacturer) single-buyer system under a multi-level emission-taxing scheme.
(Debabrata and Janat, 2015) explore supply chain coordination issues arising out of green supply chain
initiatives and explore the impact of cost sharing contract on the key decisions of supply chain players
undertaking green initiatives. (Ashkan, 2015) developed a price competition model of two green and regular
supply chains under the influences of government financial intervention, analyzed the effects of government’s
tariffs on the players’ optimal strategies and found that there are specific boundaries for tariffs which
guarantee stable competitive market. (Huang et al., 2015) considered a green supply chain with multiple
suppliers, a single manufacturer and multiple retailers. A game-theoretic model is established to
simultaneously investigate the impacts of the product line design, supplier selection, transportation mode
selection and pricing strategies on profits and greenhouse gases emissions. (Yang et al., 2015) formulated
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game mathematical models for product families and supply chains, employed a bi-level, nested genetic
algorithm to solve the game.

From the above literatures can be seen, at present, there are few scholars on the agricultural products green
supply chain coordination problem for a formal comprehensive discussion. On the basis of the above
literatures, we use the game equilibrium model to coordinate the agricultural products green supply chain, and
provide a reference for the decision making of green supply chain management.

2. Model description

A green agricultural products supply chain contain an enterprise and a farmer in our models. The enterprise
purchase raw agricultural products by price w per unit. After processing agricultural products, the enterprise
sell products to the market with price p per unit. In order to produce high quality agricultural products, the joint
effort of both sides are needed. The enterprise produce a higher quality of agricultural products through the
effort level 0, the farmer should improve the green level g of agricultural products.

Following (Dixit et al., 1979), we assume that the demand information is symmetrically known by both SC
members, and the demand function is linear in price, green level and enterprise effort level:

dp,g,.0) =¢—Pp+1ig+vyb (1

Where ¢ is the base market size, B,A and y denote the demand responsiveness to green SC’s own price,
green level and effort level respectively. Products quality effort costs of the enterprise is w 0%/2, where w is
the fixed cost parameter of effort.

According to Banker, (Khosla et al., 1998), the cost function of farmer for green SC is given by

c(g,x) = (w+eg)d+¢g?/2 ()

Thus, the green level selected by the farmer affects total costs in two ways. First, investment of green level
improvement program increases fixed production costs € g%/2, which is increasing and convex in the green
level g, and ¢ is the fixed cost parameter. Second, the green level also has an impact on the production cost
per unit. Specifically, v denotes the variable production cost per unit not including the quality related costs.
Given a green level g selected by the farmer, the unit variable cost increases by eg, where €>0. We assume
NB>e, i.e., A>[e.

Let ", mF and ™' denote the profits of the farmer, the manufacturer and the green SC, respectively. We use
subscripts C, W and R to denote centralized model, wholesale price contract model and revenue sharing
contract, respectively. Superscript * denotes the optimal value.

3. Equilibrium decisions under different contracts

3.1 Centralized decision model equilibrium

Centralized decision model is the vertical integration of enterprise and farmer. The goal of the farmer and the
enterprise as a whole is to maximize their overall profits. According to (1) and (2), we can get the profits
function for the green SC as follow:

e (0,0,9)=@—-v—€g)p—Pp+ig+y0) —wb?/2—-&g?/2 3)

The first-order conditions characterizing equilibrium are:

ol /00 = py —vy — gye — 0w =0 4)
onl/op = —2pB+vB+gPe+yO+gl+d=0 (5)
onl/ag = —yed —vA—2ged+p(fe+ 1) —gé—edp =0 (6)

Sinced?nl/06%? = —w < 0,0%nL /9p? = =28 < 0, 9°nL /dg? = —2eA — & < 0, note that the Hessian of nl is
negative definite for all values of 8, p and g if —2Bw+y%& + (Be — 1)?w < 0.
Solving Egs.(4)~(6), we obtain the equilibrium price, green level and effort level for the green SC:

0c =SB — )/ (¥?¢ + (B*€* + A2 = 2B(eA + §))w), p¢ = ((Be* —eA—pw +v(y*s + (12 — pler +
)w)/(r*¢ + (B%€* + 2% = 2B(eA + §))w), g¢ = —(Be = V(WP — p)w/(¥?¢ + (B*€* + A2 — 2B(eA + H))w) .

Then we can havenl* = (¢ — vB)?w/2(—y%E — (B%€? + 12 = 2B(eA + &))w) ,dE* = BE(WP — P)w/(Y?E +
(B%€? + 22 — 2B(eA + &) w).

3.2 Wholesale contract model equilibrium
For the wholesale price contract model, the enterprise purchase agricultural products by price w per unit. After
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processing agricultural products, the enterprise sell products to the market with price p per unit. We express
the profits of the green SC member as follows:

Ty (p,0) = (p —w)(¢p — Bp + Ag +y6) — w 62/2 )
Ty (w,9) = (W —v —€g)(¢p —Bp + Ag +y0) — & g*/2 (8)

Because of enterprise apply the acquisition to obtain green agricultural products, so the farmer takes the
enterprise’s reaction into consideration when choosing its strategy. The enterprise’s reaction function for a
given (w,g) can be derived from the first-order derivative of w, in Eq.(12):

ok, /00 = py —wy — w = 0 9)
onL Jop = —2pB+wB +y0 +gr+d =0 (10)
Sinced?nf, /06% = —w < 0,0%rE,/dp? = =28 < 0, note that the Hessian of wf;, is negative definite for all
values of 8 and p if —y? + 2Bw > 0. Solving Egs.(9)~(10), we can get:

O =y(-wp + gA+ ¢)/(—y* + 2pw) (11)
pw = (—wy? + whw + glw + pw)/(-v* + 2Bw) (12)
After substituting (11) and (12) into (7), according to its first order derivatives of Eq.(8) with respect to w and g,
respectively:

omy /0w = (B(vA —w(Be + 1) + ep)w + g(—y?¢ + 2B(eA + Hw))/(v? — 2Bw) = 0 (13)
omy/0g = B(vp — 2wp + gBe + gA+ d)w/(—y* + 2fw) = 0 (14)

We can find the famer optimal wholesale price and green level by solving Egs.(13) and (14):

g = —(Be = D(WB — P)w/(Ry*¢ + (B2e* + 22 = 2B(eA + 28))w) Wiy = d(¥?E + B(Be? — ed — 2§)w) +
vB(Y*E + (—Ped + 22 = 2B8)w)/(B(2y*¢ + (B%€* + 4* — 2B (eA + 28))w)).

Then we can obtain:

O = vE(WB — ¢)/(2y*¢ + (B*€* + 2> — 2B (A + 2§))w)

P = (@(r*¢ + B(Be® — €A = 3D)w) + vB(¥?*E + (A* — B(eA + §)w))/BQRY?*E + (B*€® + 17 — 2B (A + 2§))w)
diy = BEWB — Plw/(2y*E + (B%€* + 2> — 2 (A + 2§))w)

= &2 (¢ — vB) w(—y? + 2Bw)/ 2(2y%§ + (B*€* + 2 — 2B (€A + 2§))w)?

my = —§(p —vB)w/2(2y*¢ + (B%€® + 17 — 2B (€A + 2§))w)

my = —§(d —vB)?w(By*¢ + (B*€* + A% — 2B(eA + 3))w)/2(2y*§ + (B?€? + A% — 2B(eA + 28))w)?

3.3 Revenue sharing contract model

Revenue sharing contract is that the farmer sell their products to the manufacturer below the cost, the
manufacturer in order to compensate the farmer’s losses, return its sales income according to a certain
proportion (0<p<1) (agreed upon by both parties) to the farmer, ultimately ensure that the revenue of the two
sides level higher than decentralized control condition, achieve the supply chain optimal performance. So we
express the profits of the green SC member as follows:

E@0)=0-p)((p-v—eg)(p—Pp+2Ag +76)) —w6?/2 (15)

k(P 9) = p((p —v —€g)(p —Pp + Ag +v0)) — & g*/2 (16)

Because of enterprise apply the acquisition to obtain green agricultural products, so the farmer takes the
enterprise’s reaction into consideration when chooses its strategy. The enterprise’s reaction function for a
given (w,g) can be derived from the first-order derivative of 7Z in Eq.(15):

onEj90 = —y(p—v—ge)(-1+p)— 0w =0 (17)
ong/op = (=1+ p)(2pB — vB — gBe —y0 —gA—¢) =0 (18)

Sinced?nE/06% = —w < 0,0°1E /dp? = 2B(—1 + p) < 0, note that the Hessian of } is negative definite for all
values of 8 and p if (—1 + p)(¥2(—1 + p) + 2Bw) > 0. Solving Eqs.(17)~(18), we can get:

0r =y(=1+p)(WB + gBe — g1 — ¢)/(¥* (=1 + p) + 2pw) (19)
Pr = (pw +v(y?*(=1+p) + fw) + g(y*e(=1 + p) + (Be + Dw))/¥*(=1 + p) + 2w (20)

After substituting (19),(20) into (16), according to its first order derivatives with respect to w and g respectively:
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onk/ag =0 (21)
onk/9p =10 (22)
We can find optimal Revenue sharing proportion and green level of the famer by solving Egs.(21) and (22):

pr = —1+2fw/y? (23)
Because 0<p<1, so Bw<y2<2[3w should be established.

gr = —BBe = VWP — PIw?/(2y*E — 4py*éw + B(—Pe + D?w?) (24)

Then we can obtain:6} , py, dy 5" mh* mk*.

4. Results discussion

4.1 Green level

Proposition 1: When y < ./Bw, g7 > gy > gr:wheny > \/Bw, g1 > gr > gw-

Proof: Omitted.

Proposition 1 shows that the green level of agricultural products is the highest in the centralized decision

model. In the decentralized decision model, the green level is determined by the relationship between y2 and

Bw. When y2< Bw, the green level of wholesale contract model is higher than the green level of revenue

sharing contract model, while the result is the opposite wheny2> Bw. Simulation figure 1 confirms

this(¢=10000).
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Figure 1: Green level vary with parameter A, and y(8=30,v=20,e=0.1,y=20,=8,w=10)

Proposition 2: dg7/dA > 0, dgy,/dA > 0,dgg/dA > 0; dgr/dB < 0,dgy,/dB < 0,dgr/dB < 0;

dgy/dy > 0,dg;,/dy > 0,dgy/dy > 0ify > \[Bw;dg;/dy > 0, dg;,/dy > 0,dgy/dy < 0ify <./Bw.

Proof: Omitted.

From proposition 2 we can know that, with the increase of the demand responsiveness to green SC’s green
level, the green level increases gradually, which means that consumer are more sensitive to green level, then
the higher of product green level. With the increase of the demand responsiveness to green SC’s product
price, the green level decreases gradually. It denotes that the higher the consumer price sensitivity, the
product of the green level will be reduced. Simulation figure 1 confirms the proposition.

4.2 Quality effort level
Proposition 3: 6t>6w>0r.
Proof: Omitted.
Proposition 4: d07/df < 0,d0y,/df < 0,d0g/dB < 0;

dey/dy > 0,d0y,/dy > 0,d0g/dy > 0;

de;/dA > 0,d6y,/dA > 0,d0y/dA > 0,ify > /Bw;

de;/dA > 0,d8;,/dA > 0,d0y/dA <0, ify < .,/fw.
Proof: Omitted.
These two propositions indicate that the manufacturer's effort to improve the level of the green level, is largest
in the concentration decision model, while it is the smallest in the revenue sharing contract model. With the
increase of the demand responsiveness to green SC’s product price, the manufacturer's effort decreases
gradually. With the increase of the demand responsiveness to green SC'’s effort level, the manufacturer's
effort increases gradually. Simulation figure 2 confirms the propositions.
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Figure 2: Quality effort level vary with parameter A, and y(8=30,v=20,€=0.1,y=20,6=8,w=10)

4.3 Profits
Proposition 5: 71* > nl; >nh*;dnk*/ dA > 0,dnly /dA > 0,dn}* /dA > 0;dnl* /dB < 0,dnl;/dB < 0,dnk*/dB <
0; dnf*/dy > 0,dnl;/dy > 0,dn}*/dy > 0.
Proof: Omitted.
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Figure 3: Total profits vary with parameter A,8 and y(8=30,v=20,€=0.1,y=20,=8,w=10)

Proposition 5 shows that the total profits is the highest in the centralized decision model. In the decentralized
decision model, the total profits of wholesale contract model is higher than the total profits of revenue sharing
contract model. The increase of A and y are helpful to the increase of the total profit. Simulation figure 3
verifies these conclusions.

Proposition 6: il < k", ify < ./fw;

nly > nkrify > \/Bw;

dnly /dA > 0,dnk*/dA >0;

dnly/dB < 0,dnk*/dp <O0;

dmly /dy > 0,dnf*/dy < 0,if y < [Bw;dnf*/dy > 0,ify > [Bw.
Proof: Omitted.
As can be seen from proposition 6, for the farmer, the use of which kind of contract depends on the
relationship between y and \/B_w The increase of A is beneficial to the increase of farmer's profits, while the
increase of B is not conducive to the increase of farmer's profits. In the wholesale price contract model, y
increasing is beneficial to the improvement of farmer's profits; in the revenue sharing contract, when y < \/ﬁ_w
v increased which leads to the reduction of farmer's profits. Wheny > \/ﬁ_w farmer's profits increased with
the Fincreasing of y. Figure 4 verifies the above conclusions.
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Figure 4: Farmer’s profits vary with parameter A, 8 and y (8=30, v=20, €=0.1, y=20, {=8, w=10)

Proposition 7: mk > E*; drkr /dA > 0,dnE* /dA > 0; dnkr /dB < 0,dnE*/df < 0; dnk; /dy > 0,dmE* /dy > 0.
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Proof: Omitted.
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Figure 5: Enterprise’s profits vary with parameter A, and y(8=30,v=20,e=0.1,y=20,6=8,w=10)

As can be seen from proposition 7, the enterprise’s profits in the wholesale price contract model is higher. The
increase of A is beneficial to the increase of enterprise’s profits, the increase of 8 is not conducive to the
increase of enterprise’s profits. y increasing is beneficial to the improvement of enterprise’s profits. Figure 5
verifies the above conclusions.

5. Conclusion

In this paper, the problem of the price and the green level of green supply chain of agricultural products is set
up by the game theory, the three models of centralized decision-making, wholesale price contract and revenue
sharing contract are analyzed. Results show that the agricultural products green level and the total income in
the centralized decision-making model are the highest. The size of the green level and farmer’s profits in the
decentralized decision model are determined by the relationship between the parameters of demand
responsiveness to green SC’s own price, demand responsiveness to enterprise effort level and enterprise
effort costs. The enterprise’s profits in the wholesale price contract model is higher.
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